Thymoquinone Inhibits Angiotensin II-Induced Proliferation and Migration of Vascular Smooth Muscle Cells Through the AMPK/PPARγ/PGC-1α Pathway.
The proliferation and migration of vascular smooth muscle cells (VSMCs) play crucial roles in the pathogenesis of diabetes and its complications. Thymoquinone (TQ) is the primary bioactive component of Nigella sativa L. seed oil, which exhibits antihyperglycemic effect in diabetic rats, but its role in VSMC proliferation and migration has not been investigated. The results of MTT assay and flow cytometry assay indicated that TQ dose-dependently inhibited angiotensin II (Ang II)-induced VSMCs' cell cycle progression, as well as cyclin D1 expression, whereas p21 expression was altered conversely. TQ dose-dependently suppressed Ang II-induced VSMC migration accompanied by reduced MMP-9 expression. In addition, we observed the elevated reactive oxygen species (ROS) generation and NADPH oxidase activity and reduced superoxide dismutase activity in Ang II-treated VSMCs, which were dose-dependently reversed by TQ. Western blot analysis indicated that TQ dose-dependently restored Ang II-inhibited expression of p-AMPK, PPARγ, and peroxisome proliferator-activated receptor-γ coactivator-1α (PGC-1α) proteins. Furthermore, adenosine monophosphate-activated protein kinase (AMPK) inhibitor Compound C and PGC-1α siRNA transfection abrogated the activation of TQ on Ang II-inhibited AMPK/PPARγ/PGC-1α signaling, but abolished the inhibitory effects of TQ on Ang II-induced VSMC proliferation and migration, as well as ROS generation. Taken together, these results demonstrated that TQ inhibited Ang II-induced VSMC proliferation and migration through the AMPK/PPARγ/PGC-1α pathway.